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ABSTRACT
This paper examines residential development in New Braunfels, Texas. Housing demand
and cost equations are derived in both linear and non-linear models. The results of each
model are compared. After deriving the above equations, optimal lot configurations are
determined using each of the two types of models. Finally, both models are used to
determine the optimal size of a unit, taking other attributes as fixed. In addition, to the
above, this paper examines two actual parcels of land in order to make a determination as
to the feasibility of development on each. The subject parcels are analyzed throughout
this thesis as examples that are placed within the workings of the models.
To obtain the information necessary to examine these issues, data was obtained from the
Multiple Listing Service in New Braunfels. Data was then organized along relevant
parameters after discussions with brokers, appraisers, and developers. Finally, data was
regressed, placed in the form of hedonic price equations, and analysis was done on
housing demand as well as optimal lot and unit configuration.
The findings of this analysis indicate that the linear and non-linear model predict similar
outcomes as to housing demand. The results are inconclusive as to which model is better
at predicting optimal size. The linear model is superior at predicting optimal FARs and
maximum residual land value. Conventional residential development is feasible at the
Kowald Property. It is inconclusive as to whether conventional residential development
is an optimal use at the Westmeyer tract.
Thesis Supervisor: William C. Wheaton
Title: Professor of Economics
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Chapter I Introduction
This thesis explores the optimal lot configurations and unit configurations
for conventional residential development in New Braunfels, Texas. This is done by using
a model that comes from a textbook on real estate economics called "Urban Economics
and Real Estate Markets". "Urban Economics and Real Estate Markets" is co-written by
Professor Bill Wheaton, a professor of economics at MIT. The model looks at how
different attributes affect house and land prices as well as costs. The model can then be
used to determine the optimal floor area ratios, (FARs), and maximum residual land
values.
The first step in the process is the determination of a housing demand equation.
This is done through the use of regression analysis. Regression is done by choosing a set
of attributes to regress against some measure of the price of a house. In all, we use three
ordinary least squares regression models. The first two are linear and we regress the sales
price of a house and the sales price per square foot with selected attributes. In our third
model, we use a log log regression in which the natural log of the sales price per square
foot is regressed with the natural log of various attributes. The relationships from the
regressions allow us to determine how given attributes affect the price of a house. We
can then place the regression into the form of a hedonic equation. This allows us to input
a chosen set of parameters into the hedonic equation to determine a projected house price.
We can then compare how different houses are priced in different areas as well as how
house prices vary by the type of model used. Chapter III shows the results of several
regressions that were run as well as the accompanying hedonic equations. It also
compares the results of the different models by using specific examples.
The next step in the process is to determine how different attributes affect the cost
of houses. This is the subject matter of Chapter IV. In Chapter IV, we use data compiled
from interviews with builders to determine the affects of housing characteristics on costs.
Our cost equation will take the form: C = g + c (Far). t represents a basic cost of
construction per square foot and t the incremental additional cost as density is increased.
However, we will learn that construction costs do not vary with FAR in the New
Braunfels area and we can thus reduce the cost equation to a simple cost per square foot
basis.
After determining the appropriate demand and cost equations, we can isolate the
affects of density against the other attributes in the housing demand equation. Density
can be measured in two ways. It can be measured by the number of housing units to total
area or as a ratio of floor area of house to land area, FAR. In this thesis we use FAR as
the measure of density. Density is important because it affects both house and land
prices. It influences house prices because like any other attribute, there are diminishing
marginal returns and consumers are willing to pay less for a house with less open space.
It affects land prices because greater density allows more units per acre which in turn can
lead to greater land profits. Thus there is a tradeoff which a developer must face. The
tradeoff that exists with increased density is a lower profit/ unit versus an increased
number of units on the site. A decreased profit/ unit lowers the residual land value, while
an increased number of units increases it. The goal of any developer is to maximize the
residual profits to be obtained from the land and not to develop the maximum allowable
number of units. The developer must balance these forces to achieve the highest return
on a given site.
Using the model, we can take the hedonic regressions and convert them to the
form, P = a - P (FAR). The coefficient a represents the collective value of all other
locational and housing attributes that can affect the price (per square foot of floor area) of
a house, while P represents the marginal reduction in value that occurs as the house lot is
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Now that we have both a demand and a cost equation we can determine how
varying density will affect overall profits. The profit on any given unit is simply the price
of the house minus its cost. Profit can also be measured on a per square foot basis. Thus,
profit per square foot equals the price per square foot minus its cost per square foot. We
can use varying densities to analyze its affect on housing profits. However, this leaves us
only with housing profit. To reach the developer's goal of overall maximization, we must
determine the affects of varying density on land profits. In order to view the affects of
density on land value, we must convert profit per unit to profit of land. Profit for
housing is measured as profit per square foot of floor area. However, the residual value
of land must be measured as a profit per square foot or acre of land area. To convert
housing profit to land profit, we can multiply the profit per square foot of floor area by
the FAR. This yields a dollar value per either square foot or acre of land area, depending
on the measurement used.
The next step is to determine an optimal FAR and the maximum residual land
value. In Chapter V, we will do this in both a linear and non-linear model. For the linear
model, we will use mathematics to determine the optimization point for both FAR as well
as the residual land value. In the non-linear model, we will use a spreadsheet to determine
the same optimums.
Chapter VI explores the affects of the size of a house on its profit. The
methodology used is similar to that of Chapter V. We will run spreadsheets that vary size
and hold other attributes constant. This allows us to determine how size affects value in
both the linear and non-linear model. In addition, it allows for a comparison of the two
models.
Chapter II talks about the site, New Braunfels, Texas. The history of the German
town is elaborated as well as a discussion of forces that drive the real estate market. As a
starting point, we will begin with two specific subject parcels. These parcels will be
analyzed throughout the thesis. In addition, we will use a third test parcel to determine
how the model reacts to a different set of parameters.
The conclusions reached in this thesis are discussed in Chapter VII. They are that
the linear and non-linear models predict similar outcomes as to housing demand. The
results are inconclusive as to which model is better at predicting optimal size. The linear
model is superior at predicting optimal FARs and maximum residual land value. As to
our two subject parcels, conventional residential development is feasible at the Kowald
Property, while it is inconclusive as to whether conventional residential development is
an optimal use at the Westmeyer tract.
Chapter 11 Discussion of Site
The site for this thesis project is New Braunfels, Texas. New Braunfels is a city
of approximately 50,000 residents located on Interstate Highway 35 between Austin and
San Antonio. (See Map 1). New Braunfels is typically referred to as a bedroom
community for both San Antonio and Austin. Founded in 1845, New Braunfels is known
for its large German population. In 1845 Prince Van Solms of Germany brought settlers
to New Braunfels through a Spanish land grant. Mexico granted the land prior to Texas's
declaration of independence in order to encourage settlers to inhabit the area. Prince
Solms marketed the area as a paradise in the New World and charged $300 per head.
Solms directed the 45-day journey on the sea with several groups of settlers. The first
groups of settlers were strictly farmers. Later groups included craftsmen and tradesmen.
From its inception, the German heritage remained intact. Up until the 1930s nearly all
business was conducted in German.
By 1860, New Braunfels was the third largest city in Texas. However, the city
failed to grow much between the 1860s and the 1950s due to leadership that did not
promote its growth as well as a homogeneous German population. However, this
changed in the 1950s and 60s when city leaders began to promote tourism as well as
encourage industry. Today New Braunfels is a largely tourist town. By marketing its
heritage as well as well as encouraging other attractions, New Braunfels attracts a large
tourist population for a city its size. Some of the main tourist attractions are Worstfest, a
waterpark, and tubing down the Comal River. In addition, it has a desirable lake, Canyon
Lake, for other water activities. A Walmart distribution center is the largest non-tourist
employer in the area.
In order to derive variables that affect price and to understand the real estate
market in New Braunfels, I interviewed persons knowledgeable with the market and
development that is occurring in the market. The following pages are excerpts from
interviews that I conducted with the Chief appraiser for New Braunfels as well as a
developer in the area.
Interview with Curtis Koehler
The subject matter of the interview with Curtis concerned locational factors that
are important in the New Braunfels area as well as the general state of the local real estate
market. Curtis Koehler is the chief appraiser for the Comal County appraisal district. I
talked with Curtis as well as one of the other appraisers on staff about the New Braunfels
market and the forces that drive it. In addition, Curtis gave me material done by Texas
Perspectives in combination with Norwest Bank concerning the New Braunfels' economy
and the real estate market.
One of the first distinctions noted by the appraisers was the difference between
land east of the interstate highway and land to the west. Land to the west is part of the
hill country and commands premium prices to the flat land east of the interstate. Inside
the city of New Braunfels the distinction is fairly similar. The most affluent families live
to the West. Middle income families occupy the northern part as well as the eastern part.
The poorest families live in a little piece of the southern part between the tracks. The
appraisers describe New Braunfels as a bedroom community for Austin and San Antonio.
Much of the growth to the south is spurred by San Antonio as is growth in the affluent
west and Lake Canyon area. Lower to lower middle income families characterizes
growth to the east. The appraisal office felt that the school systems were a plus
throughout New Braunfels and its surrounding areas. Navaro, NBISD and CISD are all
strong school systems and compare very well with similar size counterparts. The school
systems in the area are amongst the fastest growing and are being significantly improved
on a continuing basis.
One point made clear by both Curtis and the statistics is that New Braunfels is
growing. The total residential value in the City of New Braunfels has increased $227
million between 1991 and 1996, (43.6%). Total units have increased by 972 units,
(10.76%). Comal County has increased in value by $720 million, (60.24%) in the same
period. This was aided by an increase in units of 3790, (19.22%). Examining solely the
area outside of the city we can infer an increase in value of $494 million, (73.11%). The
applicable increase in units was 2818 or (26.37%). Thus it is clear that New Braunfels is
growing faster outside the city limits.
Non residential growth appears to be taking a different path. Non residential
values in the city have increased by 76 million, (21.82%), while there has been an
increase of 274 units, (9.92%). The county has shown growth of $116 million, (17.53%),
with a corresponding increase in units of 612, (14.19%). Examining only the area outside
of the city, non-residential values have increased approximately $40 million, (12.79%).
Additionally the units increase was 338, (21.79%), over the same period.
Single family residential comprises a large part of the total residential value base.
Inside the city values have increased by $205 million, (43.69%), while units have
increased 839, (10.27%). Single family values have increased by $672 million, (62.06%),
in the county and units have increased by 2957, (18.35%). Outside of the city limits,
values have increased by $466 million, (76.16%), while units have increased by 2118,
(26.60%). Again, it is evident that growth is occurring for large part in the outlying
regions of the city.
One thing evident about the growth in New Braunfels is the large increase in
manufactured home use. In the areas to the east of the city there are several new
developments. In addition there are at least 5 new manufactured home dealers that have
cropped up over the last few years. This is consistent with the nationwide trend of a
larger segment of the population demanding lower cost housing that fit into their payment
needs. The statistics express the growth to some extent, but probably understate the true
affects of the trend. Value inside the city has increased $2.2 million, (50.1%), and units
have increased by 54, (34.84%). In Comal County, values have increased by $25.2
million, (45.16%). Units have gone from 2328 to 2990, an increase of 28.44%. Although
not apparent in percentages, the sheer numbers indicate that nearly all growth in such
developments have occurred outside of the city. This is due in large part to stricter
regulations of manufactured home developments in the city.
Construction has been on a rapid increase in general in the New Braunfels area
and the lending atmosphere appears to be more conducive to such growth than in other
areas.' New Construction has increased from $38 million in 1990 to $145 million in
1996. In the Comal Appraisal district area, new construction has increased from $48
million to $187 million. While slower construction can be explained by late 80's
cleanup, the New Braunfels' market has clearly rebounded and appears to be in another
development phase.
Interview wi Craig Hollmig
A second interview was conducted with a developer in the area, Craig Hollmig.
Conversation centered around the types of development that are occurring in the area near
the subject parcels, locational variables that are important in the New Braunfels market,
and distinctions between the two subject properties.
Craig Hollmig is a developer in the New Braunfels area. Mr. Hollmig is an
engineer, who graduated from Texas A&M University. Craig and his partner Archie
Hiemer have operated a surveying company for over 15 years and have been in the
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development business for the last 10 years. Much of the expansion of their operation has
come through the buy side after the 80s boom was over. By internalizing surveying and
engineering costs as well as good deals on the buy-side, the firm has experienced a great
deal of recent success. Both consider themselves knowledgeable of the New Braunfels
real estate market.
On the development side Craig specializes in low end residential. Specifically, he
prepares the lots to sell to the end consumer, but does no building himself. Typically
Hollmig will take an undivided piece of farmland and take it through the subdivision
process. First he performs the necessary surveying work, next he files for an application
for subdivision with the City of New Braunfels, and then he performs the necessary
engineering and infrastructure work, and finally sells the lots to the end users. The
majority of lots that he sells end up with manufactured homes on them. Some of the
developments are restricted to manufactured homes only, while others allow both
conventional as well as manufactured housing.
Currently, Hollmig is working on about 5 developments, all of which are mobile
home communities. Two projects which Hollmig has worked on are: Territory Pass and
Braunfels East. Both projects abut the parcels that are the subject of this Thesis.
Territory Pass is located on the Southeast corner of Farm to Market Road 1101 and
Kroesche Lane. Braunfels East is located at 1101 and Kobald Lane. The latter property
is approximately 5 miles south of the former.
I asked Craig questions concerning both subdivisions. Territory Pass is a 125-acre
site. They purchased the site in 1994. Six months after buying the parcel, they started the
subdivision approval process. Although many times subdivision approval for
manufactured homes can be onerous, in this case it was not. Hollmig explained that this
subdivision was located in the extraterritorial jurisdiction, ETJ, of New Braunfels and
therefore was subject to a less strict zoning approval process. When a parcel is located
outside of a city in Texas, it is subject to the subdivision process but is not constrained by
zoning approvals. Hollmig did however, have to dedicate a 15 foot strip of land along
both Kroesche and 1101 to obtain approvals. The parcel was subdivided into tracts
ranging from .75 to 13 acres. In all there are 24 tracts. The units were sold over a period
of one and one half years, after the subdivision approval process was completed.
Only minimal sitework was necessary for Territory Pass. Surveying costs were
handled internally and no engineering work was done. A small amount of dirt work,
$2000, was necessary to prevent erosion along the roadway. There were no infrastructure
costs in this subdivision. All houses are accessed through the existing roads, 1101 and
Kroesche Lane. Water is provided by Crystal Clear Water out of San Marcos. Crystal
Clear provides the rural areas outside of city jurisdictions with water in the Comal,
Guadalupe and Hays County area. The water supply lines as well as the water taps were
in place before Hollmig purchased the property. Therefore no fees were necessary for
water service. Since Crystal Clear does not provide sewage service and the development
is not of a size to justify a municipal utility district, MUD, Territory Pass operates off of
septic tanks for wastewater service. However, septic tanks are the responsibility of the
purchaser in this particular development. Moreover, minimum standard driveways are
required of each purchaser but are also not the responsibility of the developer.
Marketing was another important part of Territory Pass according to Hollmig.
Marketing for the most part was kept simple. There were real estate signs placed on the
property that advertised tracts for sale. In addition, advertisements were placed in the
local newspaper, The New Braunfels Herald. A further marketing source, and one that
Hollmig considers the most important, is local manufactured homes dealers. Oftentimes
prospective purchasers go to the dealers without a specific site in mind. The dealers then
sell a home that fits into the future purchasers' budget as well as steer them to a site that
fits their needs. This practice is done both formally as well as informally. The formal
process has advertising brochures that show sites that are equipped for manufactured
homes. There are certain consumer protection laws that prohibit the intermingling of land
sales with the sale of manufactured homes. Interestingly enough, later in the interview
Craig showed pride in a ground lease that he had made to two mobile home
manufacturers along IH 35.
Sales ranged in price from $16,500 - $50,000. Price per acre varied from $20,650
- $3350. Hollmig said important determinants were the amount of road frontage as well
as the size of the parcel. In addition, factors such as amount of tree coverage proved
important. All sales were "Contract for Deeds". This type of sale keeps title with the
seller until such time as the lot is paid off. None of the sales were either for cash or
conventionally financed and all were seller financed. The average down payment varied
between $250 and $500 down with a monthly payment that ranged between $180 and
$215 per month. The larger tracts had payments of between $380 and $475 per month.
All loans are made with a 12% interest charge with no prepayment penalty and usually
run about 20 years. In addition to the above-mentioned terms, Hollmig offers financing
to the purchaser of the lots for necessary improvements to make the pad site mobile home
ready. Typically such costs run about $4000 and include setting the blocks for the
foundation of the home, placing gravel down for the driveway and making all other
preparations necessary before the home arrives. Hollmig offers $2500 of financing for
such costs. All payments go directly to the service provider although the party
responsible is the purchaser.
All financing is done internally. When asked what percentage banks loaned on
infrastructure and improvements, Hollmig had no idea. Craig carries the notes on all
sales. He said he carries the notes for two major reasons. First of all, the secondary
market on such debt does not offer that great of price. Secondly, there are negative tax
consequences with the sale of the notes.
The second subdivision that we talked about was Braunfels East. Braunfels East
is located in the City of New Braunfels. Because it is in New Braunfels, it is subject to
zoning restrictions. This property is zoned "Mobile Home". While today's requirements
are a bit more political for such zoning, Hollmig said that there was not much problem in
obtaining the zoning on Braunfels East. Distinguishing it from the previously discussed
subdivision, Braunfels East is much denser, is closer to the center of the city as well as
Highway 46, has significantly more invested in infrastructure costs and has sewer
provided by the city.
The average lot is 90 x 105 at Braunfels East. Surveying, legal, engineering, dirt
removal costs, water taps and roadways average out to $6000/lot. Roadways cost about
$65/ linear foot. They are 40 feet wide with curbs and sidewalks and are 8 inches at base
with 1 - inches of asphalt. The absorption rate is about 25 units per year. The financing
is almost identical to the previous subdivision. There is generally a low down payment,
as low as $500 and the rest is seller financed with Hollmig carrying the note. Again,
Hollmig provides additional financing directly to the service provider for lot preparation.
As in the other development, Hollmig's responsibilities end upon sale. All sales are
Contract for deeds.
We then discussed location parameters important to the New Braunfels area and
to the individual properties in particular. Craig says that New Braunfels is growing in
many different directions. He feels that IH 35 and 46 are focal points for developments
and that distance from these points determines value. This is limited to growth east of the
Interstate Highway. The hill country spurs growth to the West and nice sites with good
views in the middle of the hills demand the highest premiums. The income categories on
the two sides of the Interstate are markedly different. The hill country provides homes to
wealthy Austinites and San Antonians as well as to the upper class New Braunfels
residents. However, there is far too much expensive development to support only the
wealthy New Braunfels residents. Growth to the east is predominantly inexpensive
housing. It is generally flat land that is easy to develop. Almost all new development is
low end conventional housing or manufactured homes. Another locational variable that
is important is the school system. All schools in New Braunfels are considered top notch
in comparison to other similar size towns and is a selling point to people from bigger
cities as well. However, Hollmig feels that the New Braunfels Independent School
District has a brighter future than the Navaro school system. This might have something
to do with the general wealth in each district.
Next we discussed location variables that affect the particular parcels. Craig
pointed out that 15% of his potential customers rejected Territory Pass because of the
adjoining landfill. The landfill abuts the Westmeyer property to the North while
Hollmig's land abuts the same land to the South. Because of this, Hollmig gave a general
preference to land further south on the 456 acre site for residential development.
Moreover, he pointed out the advantages of the hill side locations along Westmeyer Road
on the same site. He felt that such section was the most valuable part of the property.
Discussion of Factors That Influence the New Braunfels Market
After compiling the information from my interviews with developers, appraisers,
builders and brokers, I was able to better understand the New Braunfels real estate
market. Residential growth is occurring fastest outside of the city limits. This is
particularly true in zone 24 and zone 3. However, growth is occurring in a different
manner. To the east of IH 35, growth is mostly in the lower and middle end. Included in
the expansion is a rapid increase in manufactured homes. Developments like Hollmig's
are very typical of development east of IH 35. To the west of the interstate lies the
majority of the waterfront property as well as the hill country. This area serves more as a
bedroom community for wealthy Austinites and San Antonians. The majority of land
within the city limits is desirable. Moreover, waterfront property demands a premium.
Other factors that influence land prices in New Braunfels are: hillside views and
schools. In general, all schools in the area are considered quite good, but the New
Braunfels Independent is probably the best. Yet another factor that influences price is the
availability of a sewer system. Houses that are on city sewer would tend to command
higher prices than houses on septic systems.
Discussions with a builder yielded his predictions as to prices of new houses both
east and west of the Interstate highway. Steven Lane predicted that a 1500 square foot
home on a 8000 square foot lot would sell for approximately $100,000. The same house
on a waterfront lot might sell for closer to $175,000.
Based on these same discussions a list of important parameters was compiled for
use in regression analysis. All such variables, which were used in this thesis, along with
their means and standard deviations, are portrayed in exhibit 1. Most of the attributes are
self-explanatory and discussion will be limited to only the less obvious ones. Distance to
center was obtained by dividing the New Braunfels Area into three zones. All zones
within the city limits, Zones 20, 21, 22 and 23, were given a value of zero. (See Map 2)
The surrounding zones, 15, 16, and 24 were given a value of 1; while the remaining zones
were given a value of 2. This factor accounts for the relationship between distance to the
city center and value. As is shown in Exhibit 1, the average value for distance from the
center is 1.1791. This indicates that a majority of sales take place outside of the city core.
Exhibit 1 VARIABLES
Attribute Mean Standard
Deviation
Price/SF
Price
Dist. To
Center
waterfront
View
Bedrooms
hvac
Pool/Spa
Garage
Age
lot size
Bathrooms
size
FAR
Exterior
well
Fireplace
nonsept
East/West
Inner City
Comal
Deck
lot (SF)
63.3600
109433.60
1.1791
0.0871
0.2356
2.9558
0.8871
0.0712
0.8638
17.5417
0.9517
1.9816
1703.19
0.1176
0.6871
0.0920
0.6282
0.4699
0.3497
0.2123
0.4798
0.8147
41458
18.3716
57,281.37
0.7565
0.2822
0.4246
0.7101
0.3166
0.2573
0.3468
19.3998
2.7540
0.5605
598.42
0.0718
0.4640
0.2892
0.4836
0.4994
0.4772
0.4092
0.4999
0.3888
119,963
Many of the attributes are binary. One example of this is Waterfront. Properties
that had a waterfront location, either on the Comal River or on Canyon Lake were
assigned a value of 1, while all others were given a value of 0. All houses with either a
hill side or water view were assigned a value of 1, while all others were assigned 0.
The variable "Exterior" accounts for upgraded exteriors. An upgraded exterior is
defined as a house with a brick veneer, a rock/stone or a stucco exterior. The variable
"nonsept" shows which houses do not have septic systems. Thus 53.01% of all such
houses use septic tanks, while 46.99% are served by a sewer system. The parameter
"East/West" tells which houses are located east of IH 35 and which are to the west. The
variable "Inner City" demonstrates whether a house is located within the city limits of
New Braunfels. "Comal" shows whether a house is within the Comal Independent school
district. All houses with some sort of patio or deck were given a value of 1 under the
category "deck", while all others were valued at 0.
As a basis for consistent analysis and testing of the model throughout the thesis,
we begin with two parcels of land, hereinafter referred to as the subject parcels. The first
parcel is located in Zone 19. (See Map 2). This site is approximately 450 acres and is
outside the city limits. It lies within the Comal Independent School District. The site has
electrical service and access to water. However, there is no sewer system. The site is
located between FM 1101, Kroesche Lane, and Westmeyer Road and will be hereinafter
referred to as the "Westmeyer" tract. (See Map 3) The site itself is of varying
topography. The second tract is a 150-acre parcel located in zone 24 across from the
corner of the intersection of Kowald Lane and FM 1101. (See Maps 2 & 3) This site will
be hereinafter referred to as the "Kowald" property. The topography on the Kowald tract
does not vary. All land is above the flood plain and lies on extremely flat black land.
These subject parcels will allow us to compare between locations. In addition, we will
use a third parcel that is of a more high-end nature as another parameter on which to test
the model. However, the third parcel will vary throughout the thesis.
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Chapter III Methodology in Determination of a Demand Equation
In this section we determine the demand for a given house at different locations.
To do this, we use the ordinary least squares regression method. In ordinary least squares
regression one side of the equation is a dependent variable and the other side is a set of
independent variables. The regression analysis will identify independent variables that
are significant to fluctuations in the dependent one. In addition, it will allow us to tell
how sensitive the dependent variable is to changes in each of the independent ones. Our
analysis will consist of a total of three types of regressions. The first two are linear
regressions. In these, we compare price and price per square foot, respectively, with
selected attributes from Exhibit 2. The final regression is non-linear. In it we compare
the natural log of price per square foot with selected attributes. The non-linear regression
will allow us to take into consideration the law of diminishing returns.
We then take these regressions and place them in the form of a hedonic price
equation. From there, we can analyze three types of houses under each model. The first
is a low-end house. It has 1100 square feet, 2 bedrooms, 1 bath, a normal exterior, and a
2 acre lot. The unit is 20 years old and uses a septic tank system. It is located in Zone
19, (See Map 2), which is east of IH 35, and is within the Comal Independent School
District. This unit is referred to as the low end model.
Our second test unit is located on the Kowald Lane property in Zone 24. It is our
middle of the road model. It is a new 3 bedroom, 2 bath home with a fireplace, a brick
veneer exterior, and a garage. The unit is 1700 square feet, sets on a 10,000 square foot
lot and is located in the Comal Independent School District. The house is on a sewer
system. The house has a central air conditioning system.
The third unit is an upscale home. It is located on a acre waterfront tract in
Zone 3. It is 3000 square feet with 4 bedrooms and 3 baths. The unit has a pool, a
fireplace, a garage, and a deck. It is 10 years old and uses a sewer system. The property
is west of the Interstate Highway and is in the New Braunfels Independent School
District.
Our first regression compares sales price of homes with the variables listed in
Exhibit 2. The coefficients show us how much variation in each characteristic will affect
price. The t statistics inform us that all attributes had a significantly significant affect on
price except for deck, (.8346) and nonsept, (4527). The regression can then be easily
transformed into a hedonic price equation.
Sales Price = - 19580 + 50530 (Waterfront) + 5835 (Lot Size) + 49.44 (Size of
Unit) + 18415 (Pool/Spa) - 7475 (East of the IH 35) +1151 (nonsept) + 7426
(Fireplace) +2283 (Deck) + 13275 (# of Bathrooms) + 11098 (Garage) - 232 (Age) +
3727 (Location w/in City Limits) - 7343 (Comal Independent School District).
Exhibit 2
Regression Statistics
Multiple R 0.8824
R Square 0.7786
Adjusted R 0.7751
Square
Standard 27168
Error
Observations 815
Coefficients t Stats
Intercept -19580.37 -3.5139
Waterfront 50530.14 14.1208
Lot Size 5835.32 15.4989
Size 49.44 20.0907
Pool/Spa 18415.97 4.7967
East/West -7474.80 -2.6882
Nonsept 1151.32 .4527
Fireplace 7425.76 3.2040
Deck 2283.00 .8346
Bathrooms 13275.78 5.2488
Garage 11097.68 3.6105
Age -232.02 -3.683
Inner City 3727.82 1.1066
Comal -7343.04 -2.7957
Using the derived hedonic equation, we can determine the value of a house. We
will start with the low-end model.
Sale Price = - 19580 + 50530(0) + 5835(.5) + 49.44(1100) + 18415(0) - 7475 (1)
+1151(0) + 7426 (0) +2283 (0) + 13275 (1) + 11098 (0) - 232 (20) + 3727 (0) - 7343 (1).
Sales Price = $36,927.50
Sales Price / S.F. = $33.57
We can now do the same analysis for the Middle of the road house.
Sale Price = - 19580 + 50530(0) + 5835(.2296) + 49.44(1700) + 18415(0) - 7475
(1) +1151(1) + 7426 (1) +2283 (1) + 13275 (2.5) + 11098 (1) - 232 (0) + 3727 (0) - 7343
(1).
Sales Price = $106,135
Price/S.F. = $62.43
Our final test unit is the upscale home. Plugging in the variables, we obtain the
following results:
Sale Price = - 19580 + 50530(1) + 5835(.5) + 49.44(3000) + 18415(1) - 7475 (0)
+1151(1) + 7426 (1) +2283 (1) + 13275 (3) + 11098 (1) - 232 (10) + 3727 (0) - 7343 (0).
Sales Price = $260,065.50
Price/SF = $86.69
The next model is the linear model. It uses price per square foot as the dependent
variable. The independent variables, which are shown in Exhibit 3, are: Distance to
center, waterfront location, central air and heat, availability of a pool or spa, the Floor
Area Ratio (FAR), whether the unit had an upgraded exterior consisting of brick veneer,
rock/stone, or stucco, whether the unit had a well, fireplace or superior view, as well as
Exhibit 3
Regression Statistics
Multiple R 0.6060
R Square 0.3672
Adjusted R 0.3577
Square
Standard 14.7232
Error
Observations 815
Coefficients Standard t Stats
Error
Intercept 57.39844 3.371033 17.02696
Dist. To C -4.1847 0.861234 -4.85896
waterfront 32.24559 1.930836 16.70033
hvac 4.226865 2.056077 2.055791
Pool/Spa 6.038468 2.062207 2.928158
FAR -62.5667 8.553849 -7.31445
Exterior 1.920173 1.448865 1.325294
well 5.361404 1.99179 2.691751
Fireplace 3.569854 1.238591 2.88219
View 1.306402 1.358479 0.961665
Bathrooms 1.89768 1.119126 1.695681
Garage 6.093543 1.666057 3.657464
Age -0.12089 0.036006 -3.35764
the number of bathrooms, the use of a garage and the age of the unit. This yielded the
following hedonic equation:
Sales Price/ Square Foot = 57.398 - 4.185 (Distance to Center) + 32.246
(Waterfront location) + 4.227 (Central Air and Heat) + 6.038 (Pool or Spa) - 62.567
(FAR) + 1.920 (Upgraded Exterior) + 5.361 (Well) +3.570 (Fireplace) + 1.306
(Superior View) + 1.900 (# of Bathrooms) + 6.093 (Garage) - .121 (Age).
Again, we begin with our low-end model. Our low-end model yields the
following results:
Sales Price/ Square Foot = 57.398 - 4.185 (2) + 32.246 (0) + 4.227 (0) + 6.038
(0) - 62.567 (.0505) + 1.920 (0) + 5.361 (0) +3.570 (0) + 1.306 (0) + 1.900(1) + 6.093 (0)
- .121 (20).
Sales Price/ SF = $53.76
Since the house has 1100 square feet of living area, we can derive the overall
value by multiplying $53.76 by 1100. This yields the overall value of such a house,
$59,136.
The second unit that we will apply to the model is the middle of the road unit.
Sales Price/ Square Foot = 57.398 - 4.185 (1) + 32.246 (0) + 4.227 (1) + 6.038
(0) - 62.567 (.17) + 1.920 (1) + 5.361 (0) +3.570 (1) + 1.306 (0) + 1.900(2.5) + 6.093 (1)
- .121 (0).
Price / S.F. = $63.14
Multiplying through by 1700 square feet we obtain an overall unit price of
$107,338.
Our final example in the second linear model will be the upscale home.
Sales Price/ Square Foot = 57.398 - 4.185 (2) + 32.246 (1) + 4.227 (1) + 6.038
(1) - 62.567 (.1377) + 1.920 (1) + 5.361 (0) +3.570 (1) + 1.306 (0) + 1.900(3) + 6.093 (1)
- .121 (10).
Price / S.F. = $98.99
This is equivalent to a unit price of $296,970. Exhibit 5 shows the results of both the two
linear as well as the non-linear model.
Non Linear Regression
Just as we used linear regression analysis to determine the demand for houses, so
to can we use non-linear analysis to determine the same. One purpose of non-linear
regression is to acknowledge the law of diminishing marginal utility. This is done by
altering the specifications of the hedonic model so as to permit the curvature between
price and attributes to include the affects of diminishing marginal utility. One common
model designed to address this issue is:
P = xX101 X2s2 ....... Xn "
To statistically estimate the parameters of the above equation, we transform
it into a linear equation by taking the natural logs of both sides. This yields:
LogP = logc + PilogXi+ 210gX 2 +.---nlogXn
In this instance, the natural log of price per square foot of house is regressed with
the natural log of the number of bedrooms, whether or not there is a garage, whether the
property is located on the water, whether or not there is central air and heat, how far the
location is from the city center, the existence of a fireplace, the size of the lot, the age of
the unit, the number of bathrooms, and the size of the unit. All of the binary variables
were placed in the form of 2 for having the characteristic and 1 for lack thereof. This was
done to accommodate the taking of the natural log, since the natural log of 0 is an unreal
number. Thus, the number 2 demonstrates that a certain characteristic exists.
Exhibit 4 Regression Statistics
Multiple R 0.6553
R Square 0.4294
Adjusted R Square 0.4216
Standard Error 0.2084
Observations 815
Coefficients Standard Error t Statistics
Intercept 5.0695 0.2213 22.9131
L(Bed) -0.0013 0.0385 -0.0340
L(Grge) 0.2621 0.0342 7.6558
L(watfront) 0.6612 0.0399 16.5575
L(hvac) 0.2178 0.0400 5.4529
L(DistCen) -0.1406 0.0203 -6.9258
L(Fire) 0.1551 0.0256 6.0700
L(lotSF) 0.1035 0.0087 11.8978
L(Size) -0.3042 0.0354 -8.6000
L(Pool) 0.1499 0.0424 3.5388
L(AGE) -0.0482 0.0064 -7.5650
L(BATH) 0.1120 0.0369 3.0327
Exhibit 5 displays the results of a non-linear regression that was run with price per
square foot versus various attributes. All of the t statistics are relevant except for the # of
bedrooms, (-.0340). The regression in Exhibit 5 can then be transformed into a hedonic
equation:
Log P = 5.0695 - .0013 Log Bed + .2621 Log (Garage) + .6612 Log
(Waterfront) + .2178 Log (Hvac) - .1406 (Distance to Center) + .1551 Log (Fireplace)
+ .1035 Log (lot SF) - .3042 Log (Size of Unit) + .1499 Log (Pool) - .0482 Log (Age) +
.1120 Log (# of Bathrooms)
From the above regression and given a 2 bedroom, 2.5 bath, 10 year old 1500
square foot home in the city center without a fireplace or a garage but with a pool and
central air and heat setting on a 1/2acre lot (20000 square feet), we can use the following
equation to determine a value:
P = e5-0695 2-.0013 1.2621 1.6612 2.2178 3--1406 1.1551 21,780.1035 1100-.3042 1.1499 20-.0482
1.1120
P = $45.80 / square foot * 1100 square feet
= $50,376
Our next test unit is the middle of the road home.
P = e50695 3-.0013 2.2621 1.6612 2.2178 2--1406 2.1551 10,000.1035 1750-.3042 1.1499 r.0482
2.5.1120
P = $66.36
Sales Price = $112,810
The final test unit is the upscale home.
P = e5-0695 4.0013 2.2621 2.6612 2.2178 3--1406 2.1551 21,780.1035 3000-.3042 2.1499 10-0482
3.1120
P = $92.38
Sales Price = $277,151
Exhibit 5 A Comparison among models
Linear -- Price Linear - Price/SF Non-Linear -
Price/SF
Low Road $33.57 $53.76 $45.80
Middle of the Road $62.43 $63.14 $66.36
Upscale $86.69 $98.99 $92.38
Exhibit 5 compares the results of the three models. All are reasonably similar.
One interesting fact is that the prices generated by the non-linear model lie in-between the
two linear models. Moreover, the non-linear model shows less variance than the linear
Price model but more than the linear price per square foot model. The change in price per
square foot from the low road unit to the upscale home is 101.7% in the non-linear
model. In the Price model as well as the linear Price/SF model the changes are 158.2%
and 84.13%, respectively. One further point of interest is that the results are fairly similar
for all three. One reason that there is some difference may have more to do with the fact
that different attributes were put into each model than the inherent differences in each
model. When we would start noticing the differences between the linear and non-linear
models is when we plugged in values at extremes. The linear model would hold the same
relationships throughout, whereas the non-linear model would recognize the law of
diminishing returns. Thus, as to determining housing demand the linear and the non-
linear models might be equivalent for normal houses, but when a house "too much" of a
given attribute, the non-linear model might better account for the decreasing marginal
utility in each attribute increase.
Chapter IV Construction Cost Equation
After the variables that affected the value of the house were determined, the next
step was to create a cost equation that related those variables to the cost of building the
units. We can borrow from the methodology used in "Urban Economics and Real Estate
Markets" to determine a costing equation. A standard equation for Construction price per
square foot is:
C = p. + t (Far)
p. represents a basic cost of construction per square foot and r the incremental
additional cost as density is increased. However, the cost of construction does not vary
with FAR in the New Braunfels area. This is namely because there is no demand for
multistoried elevator buildings. Nearly all single family housing is on detached lots and
is standard wood frame construction of either one or two floors. Thus, our goal is to
reduce the costing function to the form C = g.
We start by relating construction costs to variables that affect it. In order to
determine the appropriate costing function, several interviews were conducted with
various builders. The first such interview was conducted with Steven Lane. Steven Lane
is a builder in the New Braunfels area. He estimated the costs of building a house on
each of the two plats of land. Given their similar geography, he felt that there should be
no significant difference in pricing other than the costs of running necessary utilities to
the Westmeyer property. The additional costs at the Westmeyer parcel were $3000/$4000
for septic tank installation. In addition, water taps at the same property must be
purchased through a developer's fee of $1450 each. Except for the above-mentioned
costs, basic construction costs should run about the same.
Mr. Lane estimated that he could build a 1200 square foot unit for $60,000. This
amounts to a Square Foot price of $50. The 1200 square foot unit would have a fireplace,
an attached garage, central air and heat, a deck, and the exterior would be of brick veneer.
I then asked him to estimate the incremental difference of building a house with and
without these features. Mr. Lane estimated that a fireplace adds $1500, an average size
deck raises the cost by $500 and a garage raises the cost by an additional $3000.
These estimates appear reasonable. While it is true that each of these items would
cost more to construct individually, not all such costs can be saved. Many of the costs in
building are fixed. To take off a garage from the architectural plans would not yield the
same savings as the cost of a new one.
Furthermore, Mr. Lane opined that not using an upgraded exterior, such as brick
veneer, could result in a cost savings of approximately $3/SF. During the interview, he
cautioned that while his overall figure was a solid estimate that some of the subtractions
could be less accurate. This is because all houses that Lane builds have a garage, an
HVAC system, a fireplace and a deck. Therefore, he was less certain as to overall savings
that could potentially be realized.
A second interview was conducted with Tony Wilshire of Wilshire Properties.
Tony is a builder in Texarkana, Texas. Tony said that his costs were approximately
$40/Square Foot on a 2100 square foot house in Texarkana. In addition, he would charge
a 10% construction management fee, over and above his costs. Given the locational
differences between Texarkana and New Braunfels and Texas, he surmised that the
identical unit could be built all costs included for $50/Square Foot in New Braunfels.
The increased costs are due to the higher labor as well as material costs in New Braunfels.
The unit would have a fireplace, a deck, an attached garage, and a brick veneer finish.
Tony opined that a lower end fireplace would raise the cost by an additional $550, while
an average to upper end fireplace could raise the cost anywhere from $1500 to $3000.
Moreover, a deck would heighten the cost by $2000. On average a typical house in New
Braunfels, Texas has a 200 square foot deck. The decks are usually situated in the rear of
the unit. Based on construction data provided by Wilshire Properties, the average
construction cost of a deck is approximately $10. Most of the construction on a deck is
sub-contracted. Therefore, not building a deck will realize almost total cost savings.
In Wilshire's opinion a garage raises the cost by an additional $4000. An average
house has a 2-car garage that is approximately 400 square feet. On average the
contruction costs of a garage are approximately $20/S.F.. This lower cost of construction
is due to the relatively crude finishes and lower grade materials within the structure
versus the more detailed intensive kitchens and bathrooms. However, the marginal
savings of not building a garage are less than that of constructing a new one. Mr.
Wilshire estimated that only 50% of such costs are variable and therefore amenable to
savings.
Mr. Wilshire did point out that $50/SF was a pretty good estimate regardless of
the size of the house given the specifications that were asked. However, the equation
might not hold exactly true at the smaller end. Thus, he estimated that an additional $2 to
$3 per square foot would be necessary on a smaller unit. Moreover, he estimated that an
additional half bathroom would increase the cost of the unit by $2500 in comparison with
a less fixture intensive room. Furthermore, his estimates were that a septic tank increases
the cost by $3000.
EXHIBIT 6
CONSTRUCTION COSTING DATA
Interviewee Cost/SF Non- Lack of Lack of Extra Lack of
Upgraded Fireplace Deck Bathroom Garage
Exterior
Steven $50 $3/SF $1500 $500 No $3000
Lane response
Tony $50 $4/SF $1500 $2000 $2500 $4000
Wilshire
Average $50 $3.5 $1500 $1250 $2500 $3500
Exhibit 6 shows a compilation of the data taken from
information, we can derive a construction cost equation:
the interviews. From this
Cost/SF = $50/SF - $2000 (No Fireplace) - $1500 (No Deck) - $3000 (No Garage) -
$3/SF (Non upgraded exterior) + $2500 (Extra Bathroom) + $3000 (Septic tank).
Thus, a 1600 Square foot unit without a garage, but with a fireplace, deck and
brick veneer finish would cost $85,000 to construct. An extra bathroom would add on an
additional $2500.
Chapter V Determining Optimal Floor Area Ratios, Maximum Residual Land
Values and Optimal Unit Configurations
In this chapter we use the hedonic equations from chapter II, to derive the optimal
FARs and the maximum residual prices of land throughout New Braunfels. We look at
both the linear and non-linear regression of Price per square foot. From there we isolate
density in each equation and derive the optimization points. For the linear model, we can
derive such figures mathematically. The mathematics for the non-linear model is more
complicated and is beyond the scope of this thesis. Therefore, we will limit our
methodology to the use of a spreadsheet. We will test each model with three different
locations. The house used for all three will be the same. The first two properties will be
the subject parcels of this paper, while the third will be situated on a more valuable parcel
of land. This will allow us to compare how each model reacts to different locations and
will also allow us to compare the results of the two models.
Now that we have the demand equations from Chapter III, we can isolate the
affects of density against the other attributes in the housing demand equation. Density is
important because it affects both house and land prices. With density the developer faces
a tradeoff. The tradeoff that exists with increased density is a lower profit/ unit versus an
increased number of units on the site. The former lowers the residual land value, while
the latter increases it. The goal of any developer is to maximize the residual profits to be
obtained from the land and not to develop the maximum allowable number of units.
Therefore, the developer must balance these forces to achieve the highest return on a
given site.
In order to isolate the affects of density, we take the linear Price per square foot
regression and convert it into the following form:
P=az- P(FAR).
The coefficient a represents the collective value of all other locational and housing
attributes that can affect the price (per square foot of floor area) of a house, while P
represents the marginal reduction in value that occurs as the house lot is reduced and its
density or FAR ratio increased. Isolating the affects of density allows us to determine
how varying density will affect overall profits.
The profit on any given unit is simply the price of the house minus its cost. Profit
can also be measured on a per square foot basis. Thus, profit per square foot equals the
price per square foot minus its cost per square foot. We can use varying densities to
analyze its affect on housing profits. However, this leaves us only with housing profit.
To reach the developer's goal of overall maximization, we must determine the affects of
varying density on land profits. In order to view the affects of density on land value, we
must convert profit per unit to profit of land. Profit for housing is measured as profit per
square foot of floor area. However, the residual value of land must be measured as a
profit per square foot of land area. To convert housing profit to land profit, we can
multiply the profit per square foot of floor area by the FAR: p = FAR [P-C]. In the
equation, p represents land profits per square foot, while P and C represent the price and
cost per square foot of house.
From the equation "p = FAR [P-C]", we can find the optimization point for both
FAR and p. This will tell us the optimal FAR and residual land value at each site. To
find the value of FAR that maximizes land profit, we begin by substituting in the
expressions for floor area price and construction costs:
P = Oc - P (FAR), C = g +, t(Far)
p =FAR [P-C] =FAR[a- ]-FAR2 [p + T]
Setting the derivative ap/aFAR equal to 0, we solve for the FAR value (FAR) where this
condition holds:
ap/aFAR = [cc - [t] -2FAR[p +,t] =0
FAR* = [ - l41
2[p + TI
We can now obtain p* by substituting our expression for FAR* into that for p:
4[$ +,t]
Now that we have derived the optimization points, we can analyze the linear
model at three different locations.
We start by recalling the linear Price/S.F. hedonic equation which we derived in
Chapter ff1:
Sales Price = - 19580 + 50530 (Waterfront) + 5835 (Lot Size) + 49.44 (Size of
Unit) + 18415 (Pool/Spa) - 7475 (East of the IH 35) +1151 (nonsept) + 7426
(Fireplace) +2283 (Deck) + 13275 (# of Bathrooms) + 11098 (Garage) - 232 (Age) +
3727 (Location w/in City Limits) - 7343 (Comal Independent School District).
We can now use the equation to determine the optimal FAR and maximum
residual profit for land. The house that will be examined is a new 1500 Square foot home
with two bedrooms, two baths and a garage, central air and heat, no pool with a brick
veneer exterior, a fireplace and neither a view nor a well, that is located on the Kowald
Lane parcel. We achieve the following Sales price per square foot for the house:
P = 72.8 - 62.57 FAR.
Next, we recall our costing equation from Chapter IV. A standard equation for
Construction price per square foot is:
C = p+ (Far)
p represents a basic cost of construction per square foot and t the incremental
additional cost as density is increased. However, we also recall that the cost of
construction does not vary with the floor area ratio in the New Braunfels area. This is
namely because there is no demand for multistoried elevator buildings. Nearly all single
family housing is on detached lots and is standard wood frame construction of either one
or two floors. Thus, the cost is dependent only on the individual characteristics of the
house and not on the FAR.
Cost/SF = $50/SF - $2000 (No Fireplace) - $1500 (No Deck) - $3000 (No Garage) -
$3/SF (Non upgraded exterior) + $2500 (Extra Bathroom) + $3000 (Septic tank).
Given the parameters on the house we are using on the Kowald Property, we can reduce
the above equation to the simple form: C = $50! square foot.
We can now determine the optimization results by plugging in numbers.
Recalling from above, the mathematical expressions for the Optimal FAR as well as the
optimal p are:
F* = (a - p)
2(p + c)
p* = (- ) (FAR)
2
We know that cc = 72.8 and that p = 50. In addition we know that = 62.57 and
that t = 0. From the above, F* = (72.8 - 50)/2(62.57). Thus, F* is .1822. To find p* we
plug in the same values as above into the equation which optimizes the residual value for
land. Thus we know that p* = (72.8 - 50)/2 * .1822. Thus the optimal residual value for
land, p*, is $2.08/SF or $90,475 per acre.
Examination of the above equations yields several important conclusions. We
know that at an FAR of 0 there is no residual profit for land because p = FAR (P - C).
We also know that at a FAR of .3644, that there is no residual profit for land. This is the
point where Construction and Price intersect. Because p = FAR (P - C) and because (P -
C) = 0, there is no residual profit for land. The highest residual land value is the
optimizing point for the developer. In our case, the optimal FAR is approximately1822.
Having obtained the optimal floor area ratio and residual land value at the Kowald
Lane property, we can do the same for a house located on the Westmeyer tract. We use
an identical house: 1500 Square feet with two bedrooms, two baths and a garage, central
air and heat, no pool with a brick veneer exterior, a fireplace and neither a view nor a
well. However, with this house the location variable is different. Thus "distance to
center" is increased by 1 unit. Plugging in all variables except for FAR, we are left with
the following equation:
P = 68.6 - 62.57 FAR
Just as above, we are holding all variables except for FAR constant.
Since the Westmeyer tract does not have a sewer system, there is the additional
cost of installing a septic tank. From the Construction Cost section, we have ascertained
that installing a septic system costs approximately $3000. Therefore, C = $50/SF +
$3000. However, in our example the house size is constant. Therefore we can convert
the price of the septic system into a cost per square foot basis. Since the house is 1500
square feet, installation of a septic tank adds an additional $2/SF. The resultant cost
equation is:
C = $52/ square foot.
From the given equations, we can derive the optimal FAR and residual land value
at Westmeyer. Again, the mathematical expressions for optimizing FAR and residual
land value are:
F*= (a-Qp
2(+ t)
p = (a- (FAR)
2
On the Westmeyer land, cc = 68.6, = 52, = 62.57 and t= 0. Thus F* = (68.6 -
52)/ (2 * 62.57); which = .1327. We are then left with an optimal residual land value of
p* = ((68.6 - 52) / 2) * .1327.' Therefore p* = $1.10/SF or $47, 977/ acre. The model
advocates a lot size of 11,303 feet for the 1500 square foot house used in this example.
This is equivalent to a .2595 acre lot. However, as mentioned in the discussion of the
Westmeyer tract, minimum lot size with the use of a septic tank is 1 acre. Thus the
optimal size of land is below the minimum allowable.
The next test performed is with the identical house but at a superior location.
Again, our house has the following attributes: 1500 Square feet with two bedrooms, two
baths and a garage, central air and heat, no pool with a brick veneer exterior, a fireplace
and neither a view nor a well. However, this time the property is located on the water at
Canyon Lake in zone 3. This changes two variables in our equation. First of all
"waterfront" now takes on a value of 1 instead of 0. Secondly, the location variable
"distance to center" takes on the same value as the Westmeyer tract, "2", since it is
further from the center of New Braunfels than the Kowald Lane property. Plugging in the
new variables and holding all variables except for FAR constant, we are left with the
following equation:
P = 100.85 - 62.57 * FAR.
For the construction cost equation, we will assume identical facts to the
Westmeyer parcel. Since again we are installing a septic tank, we are left with the
following construction cost equation:
C = $52/ square foot.
The mathematical expressions for optimizing FAR and residual land value are:
F* = (a - W
2( + t)
p* = (a -) (FAR)
2
On the waterfront parcel in zone 3, a = 100.85, = 52, = 62.57 and t = 0. Thus
F*= (100.85 - 52)/ (2 * 62.57). Thus F* = .3904. We are then left with an optimal
residual land value of p* = ((100.85 - 52) / 2) * .3904. Therefore p* = $9.53/SF or
$415, 328/ acre. The model advocates a lot size of 3842 square feet for the 1500 square
foot house used in this example. This is equivalent to a .088 acre lot.
Exhibit 7 Comparison of FARs and Land Values
FAR-
Residual Land
Value *
Westmeyer
Tract
.1327
$47,977
Kowald Waterfront
Lane
.1822
$90,475
.3904
$415,328
Exhibit 7 compares the three test units. One thing made clear by this exhibit is
that there exists a relationship between location and optimal density and optimal residual
land value. All three examples were equivalent, excluding the need for installation of a
septic system in two of the units, except for location. With superior locations, the model
clearly advocates for higher density, which in turn results in a higher residual land value.
Non Linear Regression
Just as we used linear regression analysis to determine the optimal floor area
ratios and maximum residual land values with, so to can we use non-linear analysis to
determine the same. We begin with the same premise as above: we use a new 1500 square
foot home with 2 bedrooms, 2 bathrooms, a garage, a fireplace, and a deck. We then
examine this house at three different locations. First we take a look at the Kowald Lane
property; next the Westmeyer parcel, and finally a central location in a nice
neighborhood.
We recall the non-linear hedonic equation from Chapter III of price per
square foot versus certain attributes.
Log P = 5.0695 - .0013 Log Bed + .2621 Log (Garage) + .6612 Log
(Waterfront) + .2178 Log (Hvac) - .1406 (Distance to Center) + .1551 Log (Fireplace)
+ .1035 Log (lot SF) - .3042 Log (Size of Unit) + .1499 Log (Pool) - .0482 Log (Age) +
.1120 Log (# of Bathrooms)
We can now use this equation to determine the optimal floor area ratios and lot
size, given a specific house. This will ultimately lead us to a maximum residual land
value given the same attributes. Unlike the linear equation, in which we derived the
maximums through mathematical equations, we derive the optimal configurations in the
non-linear framework with the aid of a spreadsheet. Spreadsheets 1 - 3 show calculations
of optimal FAR and lot size at each of the three parcels. The spreadsheets function much
as did our non-linear equations in Chapter III. Taking each of the attributes to a power
derives the value in the cells. The power to which it is taken is based on the earlier
regression. After a value is obtained in each cell, all cells in each column are multiplied
together. This gives us the Selling price per square foot. We can then multiply through
by the number of units per acre to determine an overall residual profit to the land. The
only variables that will change in Spreadsheets 1-3 are lot size and the resultant FAR.
We begin with the two subject parcels, Kowald Lane and Westmeyer, and then
apply a more desirable location to the final run. This is the same methodology that was
used in the linear model. In all three examples, we use a 1500 square foot newly
constructed 2 bedroom, 2-bath home with a garage and a fireplace. Only the location will
vary for each trial. Looking at Spreadsheet 1 we can see how lot size affects the value of
land at the Kowald Lane property. The optimal FAR is 1 for our given house. This is
equivalent to a lot size of 1500 square feet. The residual land value in such case is
$251,222.
Spreadsheet 2 tells the story for the Westmeyer parcel. The optimal FAR is .5 and
the optimal lot size is 3000 square feet. This produces a residual land value of $143,592.
Graph 3 displays a comparison of the optimizing FARs for the two tracts.
Our next parcel is the same house located inside the city limits.
the optimal FAR for such house is 2.5, which entails a lot size
results in a residual land value of $644,295 / acre. Exhibit 8
residual land values of all three units.
Spreadsheet 3 shows that
of 600 square feet. This
compares the FARs and
Exhibit 8 Comparison of FARs and Land Values (Non-linear Model)
FAR*
Residual Land
Value *
Westmeyer
Tract
.6
$143,592
Kowald
Lane
1
$251,222
Central
Location
2.5
$644,295
Spreadsheet 1 Kowald Lane
FAR 3.00 1.5 1 0.75 0.6 0.5 0.429 0.375 0.333 0.3
Lot Size 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Intercept 5.0695
L(Bed) -0.0013
L(Grge) 0.2621
L(watfront) 0.6612
L(hvac) 0.2178
L(DistCen) -0.1406
L(Fire) 0.1551
L(IotSF) 0.1035
L(Size) -0.3042
L(Pool) 0.1499
L(AGE) -0.0482
L(BATH) 0.1120
Price/SF
Profit/Unit
Units/Acre
p (land)
159.0977
0.9991
1.1992
1.0000
1.1630
0.9071
1.1135
1.9020
0.1081
1.0000
1.0000
1.0808
$49.78
-$336.14
87.1200
-$29,284.66
159.0977
0.9991
1.1992
1.0000
1.1630
0.9071
1.1135
2.0434
0.1081
1.0000
1.0000
1.0808
$53.48
$5,214.57
43.56
$227,146.82
159.0977
0.9991
1.1992
1.0000
1.1630
0.9071
1.1135
2.1310
0.1081
1.0000
1.0000
1.0808
$55.77
$8,650.91
29.04
$251,222.47
159.0977
0.9991
1.1992
1.0000
1.1630
0.9071
1.1135
2.1954
0.1081
1.0000
1.0000
1.0808
$57.45
$11,177.94
21.78
$243,455.62
159.0977
0.9991
1.1992
1.0000
1.1630
0.9071
1.1135
2.2466
0.1081
1.0000
1.0000
1.0808
$58.79
$13,190.52
17.424
$229,831.56
159.0977
0.9991
1.1992
1.0000
1.1630
0.9071
1.1135
2.2894
0.1081
1.0000
1.0000
1.0808
$59.91
$14,869.75
14.52
$215,908.75
159.0977
0.9991
1.1992
1.0000
1.1630
0.9071
1.1135
2.3262
0.1081
1.0000
1.0000
1.0808
$60.88
$16,314.44
12.44571429
$203,044.86
159.0977
0.9991
1.1992
1.0000
1.1630
0.9071
1.1135
2.3586
0.1081
1.0000
1.0000
1.0808
$61.72
$17,584.65
10.89
$191,496.81
159.0977
0.9991
1.1992
1.0000
1.1630
0.9071
1.1135
2.3875
0.1081
1.0000
1.0000
1.0808
$62.48
$18,719.71
9.68
$181,206.77
159.0977
0.9991
1.1992
1.0000
1.1630
0.9071
1.1135
2.4137
0.1081
1.0000
1.0000
1.0808
$63.16
$19,746.84
8.712
$172,034.47
Spreadsheet 2 Westmeyer Tract
FAR 3 1.5 1 0.75 0.6 0.5 0.428571429 0.375 0.333333333 0.3
Lot Size 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Intercept 5.069518685
L(Bed) -0.00130597
L(Grge) 0.262126176
L(waffront) 0.661218306
L(hvac) 0.217849364
L(DistCen) -0.14061174
L(Fire) 0.155128734
L(IotSF) 0.103454307
L(Size) -0.30416587
L(Pool) 0.149913021
L(AGE) -0.04817396
L(BATH) 0.112047746
Profit/Unit
Units/Acre
p (land)
159.097733 159.0977328 159.0977328 159.0977328 159.0977328 159.0977328 159.0977328 159.0977328 159.0977328 159.0977328
0.99909518 0.999095177 0.999095177 0.999095177 0.999095177 0.999095177 0.999095177 0.999095177 0.999095177 0.999095177
1.1992448 1.199244795 1.199244795 1.199244795 1.199244795 1.199244795 1.199244795 1.199244795 1.199244795 1.199244795
1 1 1 1 1 1 1 1 1 1
1.1629986 1.162998603 1.162998603 1.162998603 1.162998603 1.162998603 1.162998603 1.162998603 1.162998603 1.162998603
0.85686252 0.856862524 0.856862524 0.856862524 0.856862524 0.856862524 0.856862524 0.856862524 0.856862524 0.856862524
1.11352097 1.113520975 1.113520975 1.113520975 1.113520975 1.113520975 1.113520975 1.113520975 1.113520975 1.113520975
1.90204187 2.043444852 2.130984647 2.195360123 2.246629874 2.289407865 2.326210996 2.358569189 2.387484549 2.413650474
0.10812881 0.108128811 0.108128811 0.108128811 0.108128811 0.108128811 0.108128811 0.108128811 0.108128811 0.108128811
1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1
1.08076117 1.080761169 1.080761169 1.080761169 1.080761169 1.080761169 1.080761169 1.080761169 1.080761169 1.080761169
47.0174067 50.51280907 52.67674364 54.26806924 55.5354287 56.59287661 57.50262932 58.3025057 59.01727715 59.66408412
-4473.89 769.2136066 4015.115456 6402.103855 8303.143043 9889.314912 11253.94398 12453.75855 13525.91573 14496.12618
87.12 43.56 29.04 21.78 17.424 14.52 12.44571429 10.89 9.68 8.712
-389765.3 33506.9447 116598.9529 139437.822 144673.9644 143592.8525 140063.3714 135621.4306 130930.8643 126290.2513
Spreadsheet 3 Central Location
FAR 15 4.285714 2.5 1.764706 1.363636 1.111111 0.9375 0.810811 0.714286 0.6382981
Lot Size 100 350 600 850 1100 1350 1600 1850 2100 23501
Intercept 5.069519 159.0977 159.0977 159.0977 159.0977 159.0977 159.0977 159.0977 159.0977 159.0977 159.0977
L(Bed) -0.00131 0.999095 0.999095 0.999095 0.999095 0.999095 0.999095 0.999095 0.999095 0.999095 0.999095
L(Grge) 0.262126 1.199245 1.199245 1.199245 1.199245 1.199245 1.199245 1.199245 1.199245 1.199245 1.199245
L(watfront) 0.661218 1 1 1 1 1 1 1 1 1 1
L(hvac) 0.217849 1.162999 1.162999 1.162999 1.162999 1.162999 1.162999 1.162999 1.162999 1.162999 1.162999
L(DistCen) -0.14061 1 1 1 1 1 1 1 1 1 1
L(Fire) 0.155129 1.113521 1.113521 1.113521 1.113521 1.113521 1.113521 1.113521 1.113521 1.113521 1.113521
L(lotSF) 0.103454 1.610307 1.833136 1.938259 2.009375 2.063693 2.107883 2.14526 2.177725 2.206469 2.232295
L(Size) -0.30417 1 0.108129 0.108129 0.108129 0.108129 0.108129 0.108129 0.108129 0.108129 0.108129 0.108129
L(Pool) 0.149913 1 1 1 1 1 1 1 1 1 1
L(AGE) -0.04817 1 1 1 1 1 1 1 1
L(BATH) 0.112048 1.080761 1.080761 1.080761 1.080761 1.080761 1.080761 1.080761 1.080761 1.080761 1.080761
PriceISF 46.45539 52.88375 55.91639 57.96802 59.53504 60.80985 61.88814 62.8247 63.65395 64.39897
Profit/Unit -5316.92 4325.626 8874.592 11952.03 14302.55 16214.78 17832.22 19237.05 20480.92 21598.46
Units/Acre 435.6 124.4571 72.6 51.24706 39.6 32.26667 27.225 23.54595 20.74286 18.53617
p (land) -2316051 538355 644295.4 612506.3 566381.2 523196.9 485482.1 452954.6 424832.8 400352.7
Graphs 1 and 2 show a comparison of the Westmeyer and Kowald parcel in the
non-linear model. Graph 1 shows how sales price per square foot and costs vary with the
FAR level. Sales price decreases as FAR increases. This is because, all else being equal,
people prefer more land. Since the Westmeyer tract is at an inferior location, it will sell
for less per square foot at any density. Cost, on the other hand is fairly constant per
square foot in the New Braunfels area. The disparity in costs is attributable to the
necessity of installation of a septic system on the Westmeyer tract. An examination of
Graph 2 shows that the best way to optimize the value of land is not by selling at the
highest per square foot price. In addition, it shows that going for the highest density is
also not the key to optimization. Just as in the linear model, the way to optimize land
Graph 1
Price v. Cost / SF
-- - Price (Westm)
-------- Price (Kowald)
Cost (Westm)
Cost (Kowald)
0 0.5 1 1.5
FAR
2 2.5 3
$65.00
$60.00
$55.00
$50.00
$45.00
$40.00
Graph 2 Optimal FAR
$300,000 -
$200,000 -
$100,000
$0.
-$100,000 -
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- -- p Kowald
-$200,000
-$300,000
-$400,000
FAR
profits is to recognize the tradeoff in increasing density. The highest points in Graph 2
are the optimum FAR and thus yields the highest resultant residual land value.
The relationships displayed in graphs 1 and 2 hold for both the linear and non-
linear model. Both models clearly advocate a higher density at better locations.
However, in the non-linear model, FARs and residual land values are much higher than in
the linear model. Exhibit 9 compares the optimal FARs in each model. The non-linear
model clearly advocates higher FARs at every site. Moreover, the "Good Locations" are
not equivalent. The waterfront location used in the linear model is of much more value
than the inner city site used for the non-linear model. Plugging in waterfront into the
non-linear model would have yielded an FAR of over 10. This is out of sync with what is
going on in the New Braunfels' market or for just about any location in Texas.
Exhibit 9 Optimal FARs
Westmeyer Kowald Good Location
Linear Model .6 1 2.5
Non-linear Model .1327 .1822 .3904
Although the same relationships hold in each model, the linear model seems
superior in determining optimums. One explanation could be that in New Braunfels there
is a strong negative relationship between density and price. This was evidenced in
several of the above regressions. Since the non-linear model uses diminishing returns, it
devalues the property less for each incremental decrease in lot size. As a result, it fails to
capture the true devaluation that people would attribute to such dense developments.
Thus, the actual devaluation effect of increased density is stronger than the non-linear
model is able to generate.
Chapter VI Ascertaining The Optimal Size of a Unit
Earlier we used the model to obtain optimal density given a fixed set of other
attributes. In this Chapter, we use the same model to determine an optimal size of a
house given all other non-locational characteristics as fixed. In other words, we start with
a unit at a certain location with a fixed size lot and a predetermined set of qualities, and
then derive its optimal size. As in the prior section, we work with both linear and non-
linear regressions.
Exhibit 10 Regression Statistics
Price per Square Foot
Attributes Coefficients Standard Error t Stat
Intercept 60.7129 3.3710 18.0103
Dist. To C -4.1174 0.8884 -4.6344
Bedrooms -0.7798 0.9558 -0.8159
Age -0.1340 0.0340 -3.9341
lot size 1.9304 0.2039 9.4693
Bathrooms 5.7496 1.3440 4.2780
size -0.0080 0.0013 -6.0378
FAR -42.7811 8.0202 -5.3341
Fireplace 4.3759 1.1904 3.6761
Comal -2.2003 1.2224 -1.7999
View 2.7799 1.2980 2.1417
hvac 4.2437 1.9454 2.1814
waterfront 33.8087 1.8524 18.2509
Exterior 2.7039 1.3755 1.9657
Pool/Spa 5.5299 1.9669 2.8114
Garage 7.2937 1.5836 4.6057
Multiple R 0.6650
R Square 0.4423
Adjusted R Square 0.4318
Standard Error 13.8481
Observations 815
Exhibit 10 displays the results of a linear regression of price per square foot
versus possible attributes of a house. All such attributes are displayed in the far-left
column of Exhibit 10. Examination of Exhibit 10 shows that all t statistics are significant
except for the number of bedrooms, (-0.8159).
We are now able to take the above regression and transform it into the following
hedonic equation:
Price/SF = 60.7 - 4.1 (Distance to Center) - .78 (# of Bedrooms) - .13 (Age) +
1.93 (Lot Size) + 5.75 (# of Baths) - .008 (Size of Unit) - 42.78 (FAR) + 4.38
(Fireplace) - 2.2 (Comal Independent School District) + 2.78 (View) + 4.24 (HVAC)
+ 33.81 (Waterfront) + 2.7 (Upgraded Exterior) + 5.53 (Pool/Spa) + 7.29 (Garage).
This allows for a comparison of a given house at different locations. The home
that will be used is a 3 bedroom 2 bath house with a fireplace setting on a .2 acre lot with
no view. The unit has a central HVAC system, an upgraded exterior, and a garage.
Our first test location is the Kowald parcel. Since it is located in zone 24, we
insert a value of 1 for "Dist. To C". This means that it is in the first zone away from the
city limits. Next we plug in a value of 1 for "Comal", since the unit is located in the
Comal Independent School District. Given our configurations, we want to determine the
optimal size. Holding all variables constant except SIZE of unit and FAR, we are left
with the following equation:
Price/SF = 80.94 - 42.78FAR - .008 SIZE of Unit.
The optimal size per unit is calculated as the maximum of ((Price per Square Foot - Cost/
square foot) x Size of unit in Square Feet). This yields the highest possible profit given
the other lot configurations. However, before we can calculate the optimizing point, we
need to derive a cost equation. For simplicity, we will use the following cost equation for
all three examples:
Cost = $50/Square foot
This assumes that a sewer system is in place at all three properties and thus no additional
costs are necessary at any location.
Given a pricing as well as a cost equation, we can obtain the maximum by placing
the attributes into a spreadsheet and holding all variables fixed except for the size of the
unit. Spreadsheet 4 displays the results of such analysis at the Kowald Property. The
attributes are displayed in far-left column, while the quantity of each is displayed in the
blackened row. The only characteristics allowed to vary are Size of the unit and the
resulting FAR. The most profitable size is approximately 1500 square feet. At 1500
square feet the unit will sell for $67.58 / Square Foot or at a total profit of $26,368.42. In
the spreadsheet, Price per square foot is calculated by summing the regressed variables.
Profit per unit is calculated by subtracting the cost per square foot from the price per
square foot and then multiplying through by size.
As is shown in Spreadsheet 4, building is more profitable per square foot for
smaller unit sizes. However, there are also less square feet, which renders the total
profitability lower.
The second test unit is identical to the first except for location. The second unit
lies on the Westmeyer tract in the second zone outside the city. This changes our location
variable, "Dist. To C" to 2 instead of 1. The school district remains the same as the
Kowald parcel. If we hold all variables constant except for the size of the unit and FAR,
the following equation can be derived:
Price/SF = 85.04 - 42.78FAR - .008 SIZE of Unit.
Spreadsheet 5 demonstrates the results of using the same spreadsheet analysis with the
Westmeyer location. According to the spreadsheet 5, the Westmeyer tract reaches its
maximum size at approximately 1500 square feet. At 1500 square feet the unit will sell
for $67.58 per square foot or at a total profit of $17,192. While, the spreadsheet analysis
only shows increments of size at every 250 square feet, Graph 3 will demonstrate that in
actuality the optimum size is larger for the Kowald Lane property than for the Westmeyer
tract. This point will become clearer as we analyze the next unit.
Spreadsheet 4 Size v. Profit per Unit
Kowald Lane
Intercept 60.7129 60.7129 60.7129 60.7129 60.7129 60.7129 60.7129 60.7129 60.7129
Dist. To C -4.1174 -4.1174 -4.1174 -4.1174 -4.1174 -4.1174 -4.1174 -4.1174 -4.1174
Bedrooms -0.7798 -2.3395 -2.3395 -2.3395 -2.3395 -2.3395 -2.3395 -2.3395 -2.3395
Age -0.1340 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
lot size 1.9304 6 0.4826 0.4826 0.4826 0.4826 0.4826 0.4826 0.4826 0.4826
Bathrooms 5.7496 11.4991 11.4991 11.4991 11.4991 11.4991 11.4991 11.4991 11.4991
size -0.0080 -8.0154 -10.0192 -12.0230 -14.0269 -16.0307 -18.0346 -20.0384 -22.0423
FAR -42.7811 s -2.0351 -2.5439 -3.0526 -3.5614 -4.0702 -4.5790 -5.0877 -5.5965
Fireplace 4.3759 4.3759 4.3759 4.3759 4.3759 4.3759 4.3759 4.3759 4.3759
Comal -2.2003 -2.2003 -2.2003 -2.2003 -2.2003 -2.2003 -2.2003 -2.2003 -2.2003
View 2.7799 0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
hvac 4.2437 4.2437 4.2437 4.2437 4.2437 4.2437 4.2437 4.2437 4.2437
waterfront 33.8087 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Exterior 2.7039 2.7039 2.7039 2.7039 2.7039 2.7039 2.7039 2.7039 2.7039
Pool/Spa 5.5299 1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Garage 7.2937 7.2937 7.2937 7.2937 7.2937 7.2937 7.2937 7.2937 7.2937
cVAR(Size) 1000 1250 1500 1750 2000 2250 2500 2750
Price/SF $72.60 $70.09 $67.58 $65.07 $62.55 $60.04 $57.53 $55.02
Profit/Unit $22,604.18 $25,114.45 $26,368.42 $26,366.08 $25,107.44 $22,592.49 $18,821.23 $13,793.661
Spreadsheet 5 Size v. Profit per Unit
Westmeyer Lane
Intercept 60.7129 60.7129 60.7129 60.7129 60.7129 60.7129 60.7129 60.7129 60.7129
Dist. To C -4.1174 -8.2348 -8.2348 -8.2348 -8.2348 -8.2348 -8.2348 -8.2348 -8.2348
Bedrooms -0.7798 -2.3395 -2.3395 -2.3395 -2.3395 -2.3395 -2.3395 -2.3395 -2.3395
Age -0.1340 e 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
lot size 1.9304 1 0.4826 0.4826 0.4826 0.4826 0.4826 0.4826 0.4826 0.4826
Bathroom 5.7496 11.4991 11.4991 11.4991 11.4991 11.4991 11.4991 11.4991 11.4991
size -0.0080 -8.0154 -10.0192 -12.0230 -14.0269 -16.0307 -18.0346 -20.0384 -22.0423
FAR -42.7811 * -2.0351 -2.5439 -3.0526 -3.5614 -4.0702 -4.5790 -5.0877 -5.5965
Fireplace 4.3759 4.3759 4.3759 4.3759 4.3759 4.3759 4.3759 4.3759 4.3759
Comal -2.2003 -2.2003 -2.2003 -2.2003 -2.2003 -2.2003 -2.2003 -2.2003 -2.2003
View 2.7799 6 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
hvac 4.2437 4.2437 4.2437 4.2437 4.2437 4.2437 4.2437 4.2437 4.2437
waterfronl 33.8087 1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Exterior 2.7039 2.7039 2.7039 2.7039 2.7039 2.7039 2.7039 2.7039 2.7039
Pool/Spa 5.5299 * 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Garage 7.2937 7.2937 7.2937 7.2937 7.2937 7.2937 7.2937 7.2937 7.2937
VAR(Size) 1000 1250 1500 1750 2000 2250 2500 2750
Price/SF $68.49 $65.97 $63.46 $60.95 $58.44 $55.92 $53.41 $50.90
Profit/Unit $15,486.80 $16,967.73 $17,192.35 $16,160.67 $13,872.68 $10,328.39 $5,527.78 -$529.13
The third test unit is located in the city, within the New Braunfels Independent
School District, and has a hillside view. The equation for this unit is:
Price/SF = 94.125 - 42.78FAR - .008 SIZE of Unit.
Spreadsheet 6 displays the results of analyzing optimal size at this location. The
same methodology was used as that on the previous two properties. This time we
changed "Comal" to 0, to indicate that the unit lies within the New Braunfels Independent
School District. In addition, "Dist. To C" is given a value of 0 since the home is located
in the city limits. Finally, we changed "View" to 1, since the unit has a superior hillside
view. Given these changes, Spreadsheet 6 indicates that such home would be most
profitable at approximately 2000 square feet. Given a 2000 square foot home at such
location, one would expect to sell the unit for $71.65 per square foot or at a total profit of
$43,302.
Graph 3 compiles the data and plots profit/unit versus size at each of the different
locations. We can draw sever important conclusions from the model One might suspect
that increased size would always lead to greater profitability. However, this is not the
case for at least two reasons. First of all, as units get larger people are willing to pay less
per square foot. This is due to diminishing marginal utility. This is reflected in the
variable (SIZE of Unit). There is a negative correlation between the size of the unit and
the price for which people are willing to pay for such unit.
Spreadsheet 6 Size v. Profit per Unit
Central Location
intercept 60.7129 60.7129 60.7129 60.7129 60.7129 60.7129 60.7129 60.7129 60.7129
Dist. To C -4.1174 1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Bedrooms -0.7798 -2.3395 -2.3395 -2.3395 -2.3395 -2.3395 -2.3395 -2.3395 -2.3395
Age -0.1340 * 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
lot size 1.9304 0.4826 0.4826 0.4826 0.4826 0.4826 0.4826 0.4826 0.4826
Bathroom 5.7496 11.4991 11.4991 11.4991 11.4991 11.4991 11.4991 11.4991 11.4991
size -0.0080 -8.0154 -10.0192 -12.0230 -14.0269 -16.0307 -18.0346 -20.0384 -22.0423
FAR -42.7811 * -2.0351 -2.5439 -3.0526 -3.5614 -4.0702 -4.5790 -5.0877 -5.5965
Fireplace 4.3759 4.3759 4.3759 4.3759 4.3759 4.3759 4.3759 4.3759 4.3759
Comal -2.2003 0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
View 2.7799 2.7799 2.7799 2.7799 2.7799 2.7799 2.7799 2.7799 2.7799
hvac 4.2437 4.2437 4.2437 4.2437 4.2437 4.2437 4.2437 4.2437 4.2437
waterfroni 33.8087 6 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Exterior 2.7039 2.7039 2.7039 2.7039 2.7039 2.7039 2.7039 2.7039 2.7039
Pool/Spa 5.5299 6 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Garage 7.2937 7.2937 7.2937 7.2937 7.2937 7.2937 7.2937 7.2937 7.2937
VAR(Size) 1000 1250 1500 1750 2000 2250 2500 2750
Profit/Unit $31,701.74 $36,486.41 $40,014.77 $42,286.82 $43,302.57 $43,062.01 $41,565.14 $38,811.96
Cost/SF $50.00 $50.00 $50.00 $50.00 $50.00 $50.00 $50.00 $50.00
Price/SF $81.70 $79.19 $76.68 $74.16 $71.65 $69.14 $66.63 $64.11
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VAR(Size) 1000 1250 1500 1750 2000 2250 2500 2750
Central Location $31,701.74 $36,486.41 $40,014.77 $42,286.82 $43,302.57 $43,062.01 $41,565.14 $38,81 1.96
Westmeyer $15,486.80 $16,967.73 $17,192.35 $16,160.67 $13,872.68 $10,328.39 $5,527.78 -$529.13
Kowald Lane $22,604.18 $25,114.45 $26,368.42 $26,366.08 $25,107.44 $22,592.49 $18,821.23 $13,793.66
A second reason people are willing to pay less is there desire to have their own
space. All else being equal, people prefer bigger lots and lower density. This is reflected
in the variable (FAR). There is a negative correlation between increased FAR and Price
per square foot, (-42.78). Thus increased size does not necessarily mean increased
profitability. We also know that, all else being equal, there is more residual profit at
better locations on a per unit basis. Furthermore, the model implies that it is more
profitable to build larger units at better locations.
Having analyzed the data using linear regressions, we now do the same with non-
linear ones. In our non-linear model, we use the same regression as is shown in exhibit 2.
This allows us to derive the following hedonic equation:
Log P = 5.0695 - .0013 Log Bed + .2621 Log (Garage) + .6612 Log (Waterfront) +
.2178 Log (Hvac) - .1406 (Distance to Center) + .1551 Log (Fireplace) + .1035 Log
(lot SF) - .3042 Log (Size of Unit) + .1499 Log (Pool) - .0482 Log (Age) + .1120 Log (#
of Bathrooms).
From the above regression, we can use spreadsheet analysis to determine an
optimal size of unit. Again we will work with three sample units. The first two will be
located on the Kowald and Westmeyer tract, while the third will be within the city.
Spreadsheet 7 reveals the characteristics of the Kowald home. It has 3 bedrooms, a
garage, a central air and heat system, is one zone from the center of the city, sets on a
7500 square foot lot, is a new construction and has 2 baths. Profit/Unit is determined in
the same manner as the previous section. Again we hold costs constant at $50/Square
foot. Spreadsheet 7 reveals that the units will sale for less money per square foot at larger
sizes. It also reveals, as was revealed in the linear model, that the highest dollar amount
per square foot does not necessarily lead to the greatest profits. A closer examination of
Spreadsheet 7 shows that the most profitable size is a 1250 square foot unit. This unit
would sale for $69.59 per square foot or at a total residual profit of $24,487 per unit.
Next, we turn to the Westmeyer parcel. Spreadsheet 8 shows us how a house will
fare at such location. The characteristics of the Westmeyer house are exactly the same as
the house on the Kowald property. The only difference is location. A 750 square foot
house at the Westmeyer location would sale for $76.78 per square foot. This would yield
a total unit profit of $18,587.
Spreadsheet 9 demonstrates how the same house at a better location and with a
pool would fare if we varied its size. Again the highest selling point on a per square foot
basis is at a smaller size. However, the highest profit is at a much larger size. The
optimal size of such a unit is 2250 square feet. This assumes a sale at $72.98 / square
foot. The total profit on such sale would be $51,709. Graph 4 displays graphically the
results of the above-mentioned spreadsheet analysis in our non-linear model. In both the
linear and the non-linear models the same rules hold. The model advocates for building
larger units when the unit has a greater number of positive location variables. This again
has to do with the correlation between FAR and Price/SF as well as SIZE and price per
square foot. In New Braunfels, there is a strong negative correlation between both size
and FAR and price per square foot. Thus the optimal tradeoff between such variables is
higher when the other variables lead to a higher Price per square foot.
We can now compare the results of the two models at each of the subject parcels.
Graphs 3 and 4 clearly demonstrate that the same relationships hold true in both the linear
and non-linear model. Better location as well as better attributes led both models to
generate a larger optimal size. Exhibit 11 displays a comparison of the results generated
by both the linear and non-linear models as to the subject parcels.
Linear Non-linear
Kowald
Size 1500-1750 1250
Profit/Unit $26,367 $24,487
Westmeyer
Size 1500 750
Profit/Unit $17,192 $18,587
The profit/unit generated in each model is nearly identical. Moreover, a glance at
graphs 3 and 4 demonstrate that the curves have similar slopes for both subject parcels.
The most notable difference between the two models is the size at which an optimum is
reached. However, given our methodology this could be misleading. In the linear model,
we have analyzed size at increments of 250 square feet. In the non-linear model we have
done the same at increments of 500 square feet. Obtaining a mathematical optimum
could generate results for both models that are closer than what the preceding
spreadsheets indicate. In any case, we can conclude that the profit/unit as well as the rate
of decrease in profit/unit is close for both models.
Spreadsheet 7 Profit/Unit v. Size
Kowald Lane
Intercept 5.0695
L(Bed) -0.0013
L(Grge) 0.2621
L(watfronl 0.6612
L(hvac) 0.2178
L(DistCen. -0.1406
L(Fire) 0.1551
L(lotSF) 0.1035
L(Size) -0.3042
L(Pool) 0.1499
L(AGE) -0.0482
L(BATH) 0.1120
159.0977
0.9986
1.1992
1.0000
1.1630
0.9071
1.1135
2.5170
0.1335
1.0000
1.0000
1.0808
159.0977
0.9986
1.1992
1.0000
1.1630
0.9071
1.1135
2.5170
0.1143
1.0000
1.0000
1.0808
159.0977
0.9986
1.1992
1.0000
1.1630
0.9071
1.1135
2.5170
0.1032
1.0000
1.0000
1.0808
159.0977
0.9986
1.1992
1.0000
1.1630
0.9071
1.1135
2.5170
0.0956
1.0000
1.0000
1.0808
159.0977 159.0977 159.0977 159.0977
0.9986
1.1992
1.0000
1.1630
0.9071
1.1135
2.5170
0.0899
1.0000
1.0000
1.0808
0.9986
1.1992
1.0000
1.1630
0.9071
1.1135
2.5170
0.0855
1.0000
1.0000
1.0808
0.9986
1.1992
1.0000
1.1630
0.9071
1.1135
2.5170
0.0818
1.0000
1.0000
1.0808
0.9986
1.1992
1.0000
1.1630
0.9071
1.1135
2.5170
0.0788
1.0000
1.0000
1.0808
Size 750 1250 1750 2250 2750 3250 3750 4250
Price/SF $81.29 $69.59 $62.82 $58.20 $54.75 $52.04 $49.82 $47.96
Profit/Unit $23,465.65 $24,487.16 $22,435.01 $18,443.06 $13,065.18 $6,624.98 -$667.51 -$8,666.14 1
Spreadsheet 8 Profit/Unit v. Size
Westmeyer Lane
Intercept 5.0695 159.0977 159.0977 159.0977 159.0977 159.0977 159.0977 159.0977 159.0977
L(Bed) -0.0013 0.9986 0.9986 0.9986 0.9986 0.9986 0.9986 0.9986 0.9986
L(Grge) 0.2621 1.1992 1.1992 1.1992 1.1992 1.1992 1.1992 1.1992 1.1992
L(waffronl 0.6612 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
L(hvac) 0.2178 1.1630 1.1630 1.1630 1.1630 1.1630 1.1630 1.1630 1.1630
L(DistCen, -0.1406 0.8569 0.8569 0.8569 0.8569 0.8569 0.8569 0.8569 0.8569
L(Fire) 0.1551 1.1135 1.1135 1.1135 1.1135 1.1135 1.1135 1.1135 1.1135
L(lotSF) 0.1035 10 2.5170 2.5170 2.5170 2.5170 2.5170 2.5170 2.5170 2.5170
L(Size) -0.3042 0.1335 0.1143 0.1032 0.0956 0.0899 0.0855 0.0818 0.0788
L(Pool) 0.1499 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
L(AGE) -0.0482 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
L(BA TH) 0.1120 1.0808 1.0808 1.0808 1.0808 1.0808 1.0808 1.0808 1.0808ISize 750 1250 1750 2250 2750 3250 3750 4250
Price/SF $76.78 $65.73 $59.34 $54.97 $51.72 $49.15 $47.06 $45.30
Profit/Unit $18,587.04 $17,166.47 $12,842.59 $6,686.41 -$778.90 -$9,247.64 -$18,521.46 -$28,462.281
Spreadsheet 9 Profit/Unit v. Size
Central Location
Intercept 5.069519 159.0977 159.0977 159.0977 159.0977 159.0977 159.0977 159.0977 159.0977
L(Bed) -0.001306 0.998566 0.998566 0.998566 0.998566 0.998566 0.998566 0.998566 0.998566
L(Grge) 0.262126 1.199245 1.199245 1.199245 1.199245 1.199245 1.199245 1.199245 1.199245
L(waffront) 0.661218 1 1 1 1 1 1 1 1
L(hvac) 0.217849 1.162999 1.162999 1.162999 1.162999 1.162999 1.162999 1.162999 1.162999
L(DistCen) -0.140612 1 1 1 1 1 1 1 1
L(Fire) 0.155129 1.113521 1.113521 1.113521 1.113521 1.113521 1.113521 1.113521 1.113521
L(lotSF) 0.103454 60 2.51705 2.51705 2.51705 2.51705 2.51705 2.51705 2.51705 2.51705
L(Size) -0.304166 0.133507 0.114295 0.103176 0.095583 0.089923 0.085468 0.081828 0.078771
L(Pool) 0.149913 1.109503 1.109503 1.109503 1.109503 1.109503 1.109503 1.109503 1.109503
L(AGE) -0.048174 1 1 1 1 1 1 1 1
L(BA TH) 0.112048 1.0808 1.0808 1.0808 1.0808 1.0808 1.0808 1.0808 1.0808
cSize 750 1250 1750 2250 2750 3250 3750 4250
Price/SF 101.9387 87.26907 78.7795 72.9819 68.66052 65.25888 62.47933 60.14543
Profit/Unit 38954.04 46586.34 50364.12 51709.28 51316.42 49591.36 46797.48 43118.061
Graph 4
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Westmeyer $18,587.04 $17,166.47 $12,842.59 $6,686.41 -$778.90 -$9,247.64 -$18,521.46 -$28,462.28I
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Chapter V Conclusion
This thesis analyzed residential development in New Braunfels, Texas. In
Chapter II, we analyzed the demand for housing in the area. We examined low, mid and
high quality units under two linear as well as one non-linear model. In so doing, we
determined that the results of each of our models were fairly similar. Moreover, we
determined that the non-linear model might have some advantages over the linear one
when attributes start increasing above a normal level.
In Chapter V, we compared the linear and non-linear model in determining
optimal FARs and maximum residual land values. In this Chapter, we found out that the
linear model was far superior at determining both optimal FAR as well as maximum
residual land value. Profits generated by the non-linear model were out of sync with the
New Braunfels market. Moreover, some of the densities generated appear more like New
York City developments than Texas ones. One explanation offered for this disparity was
the non-linear model's failure to accurately take into account people's preference for open
space and lower density developments. Since this model uses diminishing marginal
returns, it could value each incremental loss of open space as a lower cost than the linear
model.
In Chapter VI, we compared the linear and non-linear model as to optimal size of
unit. Both models generated very similar profits/unit as the size was varied. However,
the non-linear model generated a lower optimal size as to the two subject parcels. Further
analysis is necessary using mathematical solutions to derive the optimums. In this
manner, we can determine how far apart the models are in actuality.
As a secondary theme, we analyzed two subject parcels throughout this paper.
We did this to determine the development feasibility at each of the sites. For land to be
best suited for residential development the benefits of residential development must
outweigh the costs. In this analysis, one of the costs is opportunity cost. One of the main
opportunity costs at fringe locations is the agricultural value of the land. In our case the
agricultural value is approximately $800 an acre at both subject pieces. The residual land
values on both parcels of land clearly outweigh this opportunity cost, which would
suggest development.
Examining the Kowald Lane property, we determined an optimal floor area ratio
of .1822 and a residual land value of $90,475 / acre. At an FAR of .1822, and given a
1500 square foot house, the lot size is 8,233 square feet. This is within the zoning limits
for the property and appears to be the highest use. Therefore this thesis recommends
residential development on such site.
The Westmeyer tract is a different story than the Kowald Lane property. First of
all its further away from the city limits and secondly it does not have a sewer system. We
found earlier that the optimal FAR for such land is .1327. Using a 1500 square foot
house this advocates a lot size of 11,303 square feet. However, as was mentioned above,
the minimum lot size is 1 acre tracts since septic tanks must be installed. Given a 1-acre
tract and using the linear regression and hedonic equation from chapter IV, we know that
P = 68.6 - 62.57 FAR. Using a 1500 square foot house and a 1-acre tract, the FAR is
.0344. This results in a selling price of $66.45 / S.F. Multiplying through by the size of
the house, 1500 square feet, leads to an overall selling price of $99,668. Earlier, we
determined a cost function of $52/S.F. at the Westmeyer location. By again multiplying
through by size, we obtain an overall cost of $78,000. Since the tracts are 1 acre apiece,
this results in an overall residual land value of $21,668 / acre.
At $21,668 / acre the profits substantially outweigh agricultural use. However,
this analysis ignores crucial factors. As was mentioned earlier, the Westmeyer tract is
located near a landfill. Craig Hollmig estimated that 15% of his clientele chose not to
live at Territory Pass due to its proximity to a landfill. Hollmig's clientele consists of
purchasers of manufactured homes that tend to be lower end customers. In general lower
end customers would tend to be less influenced by negative site factors such as landfills
than purchasers of conventional housing. This leads us to the conclusion that
conventional home purchasers would not pay the same amount as estimated by the model
since the model we are using does not take into account factors this specific. While the
model could be adjusted to take into account such factors, we will not do so in this thesis.
As a result, we can only assume that there are negative pricing impacts from being
located next to a landfill. In addition, the Westmeyer tract wraps around Mr. Hollmig's
manufactured home development. There has to be at least some suspicion that
conventional home purchasers would tend to pay less for homes located near manufacture
home developments. Again, our model is not specific enough to account for such factors.
Given the potential adjustments to price, we must either discount the cash flows at
a higher rate or revise our estimate of selling price. In the interest of brevity, we will
assume an arbitrary price adjustment of 10% downward. This leaves us with an overall
selling price of $89,701. Since the cost remains the same, this leaves an overall residual
land value of $11,701 / acre. This value still outweighs an agricultural use. However, it
does not provide the same return as a manufactured home facility. For a parcel of land to
merit conventional residential housing, it must not only return more than agricultural but
also must yield more than other uses. While the purpose of this paper is not to analyze
every potential use on the parcels, we know from an interview with Craig Hollmig that he
was selling the adjoining property at a higher price per acre for many of the tracts in
Territory Pass. Moreover, Hollmig was not bearing any of the non financial risks. He
sold the tracts on an as is basis and was not responsible for installation of any of the
improvements on the sites. This includes septic tanks, foundations, driveways and any
other costs associated with fixing the mobile home to the site. Moreover, Hollmig sold
the parcels on a contract for deed basis, which gave him a stronger legal position than a
conventional mortgage. The same would not be possible for conventional housing. First
of all, conventional housing could not reasonably be sold on a contract for deed basis.
Secondly, it might be hard for a developer to defray all of the costs that Hollmig did using
conventional homes. For example, the developer might be responsible for some site work
or septic tank installation or might actually take a role in the building of the houses. This
would entail a significantly larger amount of risk. In any case, there is enough doubt after
the analysis of this thesis to say that conventional homes might not be the right choice for
the site.
As a result of the above analysis, this thesis determines that conventional
residential development is appropriate for the Kowald Lane property. It also determines
that more analysis must be done on the Westmeyer tract as to alternative uses as well as
the consideration of the influences of more specific attributes, which were not a focal
point of this thesis, before rendering an opinion as to feasibility of development at such
site.
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